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Introduction:

(110 Thanks to the high performance of the BlackJack GPS receiver flying on
CHAMP, kinematic precise orbit determination (POD) has turned out to be a
new method in orbit determination for Low Earth Orbiters (LEO). Kinematic
POD is based on GPS measurement and does not make use of information on
force models. Therefore it is independent of orbit design (e.g. satellite altitude).
From that point of view, kinematic orbits are very well suited for the Earth
observation satellites at very low altitudes, where air-drag and gravity become
more difficult to model. With highly accurate CHAMP kinematic positions,
interesting new methods are being developed nowadays to e.g. determine
gravity field, validate dynamical models, or derive atmosphere density.

[[TWe determined CHAMP kinematic orbits for a period of one year. A
considerable number of groups already uses these kinematic positions for
validation of dynamic orbits and models and, for the first time, several groups
estimate Earth gravity field coefficients based on our kinematic CHAMP
positions together with the corresponding variance-covariance information,
making use of the energy balance approach or the boundary value method
rather than the classical numerical integration schemes. The validation of
gravity field models computed in such a way showed that CHAMP kinematic
positions contain high-resolution gravity information and that the accuracy of
the derived gravity models is very close to that of official GRACE models.
Kinematic positions with the corresponding variance-covariance information
are an extremely attractive interface between the LEO GPS data and gravity
field models or other information that can be derived from satellite orbits,
because the simultaneous adjustment of model parameters (e.g. gravity field
coefficients) and a huge amount of global GPS parameters, like GPS satellite
orbits and clocks, zero- or double-difference ambiguities, station coordinates,
troposphere parameters, Earth rotation parameters, etc. can be avoided.
[Kinematic, reduced-kinematic and reduced-dynamic POD approaches
developed based on zero- and double-differences with and without ambiguity
resolution are shown. We present reduced-kinematic POD as a new approach
in LEO POD. We show positioning with, what we call, "relative phase high-rate
GPS satellite clocks" or GPS clocks estimated using solely phase
measurements. For the first time kinematic orbits for GPS satellites are shown.
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Fig. 1. Kinematic estimation of the ground IGS point GODE with Fig. 2. Differences between CHAMP double-difference kinematic Fig. 3. Differences between kinematic and dynamic orbits for GPS Fig. 4. GRACE kinematic baseline with ambiguity resolution based on
respect to the fixed IGS station ALGO. Ambiguity resolved orbit and CHAMP reduced-dynamic orbit, day 199/2002. Approx. satellite (PRN 20) determined using double-differences, day Melbourne-Wubbena wide-laning with narrow-lane kinematic
baseline with the length of 777 km, day 200/2002. All IGS 50 stations were used to form baselines between IGS stations 200/2002. The same phase data, IGS products and models were bootstrapping. Positions of the GRACE-A satellite are kinematically
products were kept fixed. and CHAMP satellite. used in both POD approaches and dynamic parameters were estimated keeping GRACE-B as fixed and compared to the true
replaced with the epoch-wise kinematic coordinates. positions. The simulation scenario was similar to the measurement

noise in the CHAMP data set.

CHAMP Kinematic Orbit Versus Reduced-Dynamic Orbit (GPS week 1175/2002) SLR Test

RMS=1.8cm CHAMP kinematic orbit, GPS week 1175/2002
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Fig. 5. Differences between CHAMP kinematic and reduced-dynamic orbit for GPS week 1175/2002.
Once-per-revolution signatures can be recognised in the along-track and the radial component (air-drag modelling?)
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Fig. 13. The figure shows validation of the gravity models estimated using
kinematic orbits presented here with the GPS/leveling points in US (5168 geoid
undulations). It is obvious, that TUM-2Sp brings a considerable improvement
compared to older models like TUM-1S or EIGEN-2. The accuracy is very close
to the GRACE models.
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